Introduction
Posterior root-muscle (PRM) reflexes can be elicited by epidural as well as recently also transcutaneous electrical stimulation of the lumbar spinal cord [1] . Epidural spinal cord stimulation can be used for neuromodulation of spinal spasticity and generation of rhythmicity [2] , [3] . For these purposes it was evident that the stimulation site was causative for the effect [2] , [3] . Thus, here we tested the selectivity of transcutaneous spinal cord stimulation (tSCS) by eliciting PRM reflexes and recording the compound muscle action potentials (CMAP).
For special interest are the recruitment of PRM reflexes of the L2-L4 innervated quadriceps and the L5-S2 innervated triceps surae and their relations when rostrocaudal stimulation site is changed.
Methods
Ten subjects (5 f.) with intact nervous system were studied in a supine body position. The stimulation set-up ( Fig. 1) consisted of an electrode array at the back with 7 levels and two large electrodes (8x13 cm, STIMEX, schwa-medico GmbH, GER) over the abdomen. Each level consisted of 3x1 cm electrodes (T-60, Leonhard Lang GmbH, AT) and spanned 8 cm caudal and 4 cm rostral around the interspinous space T11-12. Every level was separately used for stimulation (Stimulette R2X, Schufried Medizintechnik GmbH, AT). Biphasic stimulation pulses with a width of 2x1 ms were delivered up to 125 mA or the maximum tolerable intensity. Electromyographic activities were recorded in quadriceps (Q), hamstrings (H), tibialis anterior (TA) and triceps sure (TS) bilaterally. At each intensity 4 responses were collected. Only after the first response a second test stimuli with a 30 ms inter-pulse interval was used to distinguish between reflex and motor components.
Results
Exemplary, compound muscle action potentials of the PRM reflexes are shown in Figure 2 . The recruitment curve of PRM reflexes are peak-to-peak (PTP) amplitudes of CMAPs at increasing stimulation intensity. In Figure 3 , the recruitment curves show the different behavior between activation of Q and TS at caudal and rostral stimulation site. For further considerations we calculated the area under the recruitment curve shown in Figure 3 and normalize it to the maximum area over all stimulation sites. With the variation of the stimulation sites a definite change in the recruitment of PRM reflexes was observed (Fig. 4) . The PRM reflexes of the quadriceps muscle group had the lowest thresholds and highest peak-topeak amplitudes at stimulation site of -2 cm, whereas all other muscle groups had the highest responses at the caudal electrode levels. PRM reflexes in quadriceps were markedly reduced and the probability of eliciting M waves increased at the caudal stimulation sites. The area of the recruitment curve between Q and TS is significantly different (p-value < 0.01) at all stimulation sites.
Discussion
Even though the distribution of the generated electrical field with transcutaneous electrodes is unfocused in relation to the target structures [4] , a selective stimulation is possible. The anatomical structure and electrical properties of the spine, i.e. relatively high conductivities of the intervertebral discs, might cause a segmental shift of the field, by changing the stimulation level. Differences between sensory and motor roots activation depending on spinal levels of transcutaneous spinal cord stimulation has been demonstrated [5] . Here we showed that predominate stimulation of lumbar posterior roots can be controlled by the transcutaneous technique which is of special interest in neuromodulation of lower limb functions. 
